Abstract -Obtaining correlations and direct and indirect effects of yield components is important
INTRODUCTION
Cowpea beans have become a good second crop option for farmers in the Center West region of Brazil, following traditional crops such as soybeans and corn. It has low production cost, good adaptation to rainfall pattern and the possibility of mechanized harvest (Freire Filho et al. 2008) . This increase in the importance of the crop has been noted by breeders, who have sought to develop cultivars with better performance of agronomic character, especially in regard to yield.
Yield is a complex character, the result of the expression and association of different character, which are highly influenced by the environment (Amorim et al. 2008) . Artificial selection for character of low heritability and with difficult estimation of gene action should be practiced in advanced generations with reduced frequency of heterozygosity (Allard 1999) . Nevertheless, indirect selection by means of less complex character with greater heritability and easy measurement may result in greater genetic progress in comparison to the use of direct selection (Hartwig et al. 2007 ).
For this reason, breeders may adopt indirect selection for quantitative character with low heritability, a selection through correlated characters (Hamawaki et al. 2012) . Correlation allows evaluation of the degree of association between two characters and the viability of indirect selection, which, in some cases, may lead to a progress faster than selection for the desired character (Cruz and Regazzi 2006) .
In spite of being an easily obtained statistical parameter, care must be taken in interpreting the magnitude of a correlation since it is hampered by the direction, by the difference in importance of the character, by the effect of two or more character, and by the effect of environment on expression of the character. In addition, correlation does not allow inferences regarding cause and effect, and so knowledge of the type of association that governs the pair of character is not possible (Furtado et al. 2002) .
This information, which is indispensable for breeding, can be obtained by means of path analysis. This analysis allows a breakdown of the estimated correlations in direct and indirect effects of each character on a basic variable (Hartwig et al. 2007 ). The success of this analysis is in the formulation of the cause and effect relationship between the characters studied (Silva et al. 2005) , which depends on prior knowledge of the researcher. With these data in hands, it is possible to identify the best selection strategy of superior genotypes of a plant genetic breeding program.
Thus, the aim of this study was to estimate the phenotypic and genotypic correlations and the breakdown of the direct and indirect effects of yield components with grain yield in 20 cowpea bean genotypes.
MATERIAL AND METHODS
The experiment was carried out with 20 cowpea bean genotypes of prostrate (climbing) and semi-prostrate (semi-climbing) plant type, with 15 advanced lines and 5 commercial varieties originating from the germplasm bank of Embrapa Meio Norte (Table 1) th , 2010, with a density of 8 seeds per meter, using a plot seeder.
Harvest of plants was carried out manually and evaluated for the following character: number of days to flowering (DF), number of days to maturity (DM), green pod length (GPL), average pod length in cm of five randomly chosen plants at physiological maturity; pod weight (PW), considering the average weight in grams of previously chosen pods; 100 seed weight (HSW); number of beans per pod (NBP), performed by counting the beans in the pods collected for the previous samples; average number of pods per plant (NPP), considering the average of the pods collected from five plants, and grain yield at 13% moisture (YLD).
Initially, analysis of variance was carried out for each environment separately, verifying the uniformity of residual variance; then, joint analysis of variance was performed, considering the effects of genotypes and environments as fixed, and estimating the genotypic correlations. The phenotypic and genotypic variances were estimated, as well as their respective coefficients of variation.
The degree of multicollinearity of the X'X matrix was Table1. Listing of prostrate and semi-prostrate plant type cowpea bean genotypes used in the experiment
Line
Parents/origin Market class
established based on its number of conditions (NC), which is the ratio between the greatest and the least eigenvalue of the X'X correlation matrix (Montgomery and Peck 1981) . This criterion considers that multicollinearity will be weak between the explanatory variables only when the ratio between the greatest and the least eigenvalue is lower than or equal to 100. When the NC resulting from this division is 100<NC<1,000 multicollinearity is considered to be moderate to severe, and for NC≥1,000, multicollinearity is considered to be severe. The value obtained was 52.0263, being classified as weak collinearity.
After the establishment of the basic path analysis equations, resolution in the matrix form was obtained according to the equation: X'Xβ = X'Y, where X'X is a non-singular matrix of the correlations between the primary variables; β is the column vector of path coefficients, and X'Y is the column vector of the correlations between the explanatory variables and the dependent variable.
The correlation between the dependent variable and the explanatory variables was estimatedby equation (1): (1) being r ix the correlation between the dependent variable, and the i-th explanatory variable;P ix is the direct effect of the i variable on the dependent variable; r j P jx is the indirect effect of the i variable by j variable under the dependent variable. The last square solution of this system is given by the equation: β = (X'X) -1 (X'Y).
The hypothesis considered for path analysis was: the grain yield variable as the dependent variable, and the others as explanatory variables, with number of beans per pod, number of pods per plant; and one hundred seed weight being considered as primary variables, and days to flowering, days to maturity, pod length and pod weight as secondary variables. All statistical analysis was performed with use of the Genes program (Cruz 2006) .
RESULTS AND DISCUSSION
Analysis of variance showed the existence of genetic variability among the genotypes evaluated since the effect of genotypes was significant for all the character evaluated, except for hundred seed weight (HSW) ( Table 2 ). In a breeding program, quantification of genetic variability of a population is a determining factor since it reveals the genetic structure of the populations.
The coefficients of heritability based on the mean of families (ĥ 2 x ) showed magnitudes from moderate to high for the character of days to flowering (DF), green pod length (GPL), number of beans per pod (NBP), number of pods per plant (NPP) and hundred seed weight (HSW), confirming that most of the phenotype is attributed to genetic causes (Table 3) .
The low value of heritability and the high value of the phenotypic coefficient of variation observed for grain yield (YLD) indicate that direct selection based solely on such a character will not be effective. This result may be explained by the polygenic origin of the character, which results from the sum of the environmental effect in each gene.
Phenotypic coefficients of variation (ĈV P ) were greater than genotypic coefficients of variation (ĈV g ) for all the character, which indicated that all the character interacted 
d a y s t o f l o w e r i n g ; D M : d a y s t o m a t u r i t y f o r h a r v e s t ; G P L : g r e e n p o d l e n g t h ; P W: g r e e n p o d w e i g h t , N B P : n u mb e r o f b e a n s p e r p o d , N P P : n u m b e r o f p o d s p e r p l a n t , H S W: h u n d r e d s e e d w e i g h t , Y L D :
g r a i n y i e l d ; * ; * * : s i g n i f i c a n t a t p< 0.05 and p<0.01 by the F test, respectively.
with the environment to a greater or lesser degree.
Phenotypic and genotypic correlations ranged in magnitude and significance. High coefficients of correlation allow indirect selection, while the existence of low coefficients does not represent lack of association between the character, but rather the lack of a cause-effect relationship (Vencovsky and Barriga 1992) (Table 4 ).
The greatest positive correlations were found between the character pairs; days to flowering (DF) x days to maturity (DM); days to maturity (DM) x pod weight (PW); days to maturity (DM) x number of beans per pod (NBP); pod weight (PW) x number of beans per pod (NBP); green pod length (GPL) x pod weight (PW); and number of pods per plant (NPP) x grain yield (YLD). In most cases, the genotypic correlations were greater than the phenotypic correlations, indicating low contribution of the environment, and consequently greater reliability of the use of this parameter in indirect selection.
Only the variables of days to maturity and number of beans per pod correlated in a negative and significant way with grain yield. Negative correlation between the variable of days to maturity and grain yield allows inferences to be made regarding the possibility of joint selection for early maturity and grain yield.
Positive and significant correlations between character pairs of number of pods per plant x grain yield are in agreement with the results found by Matos Filho et al. (2009) , indicating that grain yield may be obtained in an indirect manner with selection for increase in the number of pods per plant.
The coefficients of phenotypic and genotypic correlations quantify the associations in magnitude and direction; nevertheless, they are not sufficient for expressing the direct and indirect effects, while path analysis allows a clearer interpretation of the direct effect of one variable on another, and of the interference that other variables have on this association. Thus, it is possible to know the effects of the character involved in a previously established diagram in a A Santos et al.
detailed way and this justifies the existence of positive and negative correlations of high and low magnitudes among the character studied.
Considering the direct positive effects on grain yield, green pod length was the variable that showed the greatest effect (1.8128) (Table 5) . Nevertheless, total correlation of green pod length exhibited a low value (0.0847) due to the indirect negative effect of the other variables, hindering selection for grain yield by pod weight through breeding programs.
Total positive correlation of 0.7982 was observed on the variable of number of pods per plant and grain yield, but its direct effect was negative (-0.7521), while for this variable, the indirect effect of the other variables, mainly of the number of pods per plant (1.8946), is important since it indicates the direction of correlation. Manggoel et al. (2012) observed the same effect for this variable, where the direct effect was negative (-0.97) , and the total correlation positive (0.64). Under these conditions, Vencovsky and Barriga (1992) suggest using a restricted selection for the purpose of eliminating the undesirable indirect effects, thus taking advantage of the existing direct effect.
The variable of days to maturity presented direct positive effect; nevertheless total correlation was negative (-0.3952) . It is noteworthy that the heritability of this character was of significant magnitude, manifesting the possibility of joint selection for early maturity and grain yield (Table 5 ).
The variable of days to flowering obtained high direct effect on grain yield, while the indirect effects of the other variables ratified the total correlation, showing low association with grain yield (0.1959).
The variable of number of beans per pod obtained direct negative effect (-3.5249 ) with the variable of grain yield, being in agreement with the results found by Ullah et al. (2011) . Magnitudes of the direct effects of the character analyzed on grain yield were greater than the magnitudes of their respective correlations. Considering this information as a base, it is possible to infer that there are various characteristics affecting both the magnitude, as well as the Considering the direct effect of the variables of days to flowering, days to maturity, green pod length and pod weight, it may be observed that the values are greater than that of the residual effect (0.2081). That means that the increase in production has a cause and effect relationship with these variables, distorting the values of the genetic correlations found among these variables and grain yield.
The coefficient of determination of 0.7919 which was found in this study indicates that 79% of the grain yield obtained results from the effects of the variables analyzed ( Table 5) , showing that the independent explanatory variables of days to flowering, days to maturity, green pod length, pod weight, number of beans per pod, and number of pods per plant explained a significant part of the variation of the main character YLD. This value is restricted to the character under analysis since grain yield is a quantitative character with a large number of genes of small effect bearing on the character, showing marked environmental variance, and consequently low heritability.
In this study, character showed low to moderate possibility of gain through indirect selection, with greater probability of success combining several character and genotype of best performance. 
